The district of Ganghwa-gun in the western coast (Seohae) of the Korea is consisted of several islands, Ganghwa-do, Seokmo-do, Gyodong-do, Jumun-do, Boreum-do, Seogeom-do and Donggeom-do. Since several islands of them were connected to mainland of Korea by bridges, the islands attract a lot of tourists from Seoul, Incheon and Gyeonggi-do areas. Construction of new roads, pensions, resort areas and restaurants provided economical benefits to local residents while natural vegetation of these islands has deteriorated continuously. Before biodiversity of vascular plants in these regions is damaged seriously by human impacts, it is needed to conserve original vegetation of the islands for restoration and monitoring in the future. Therefore, the primary purpose of the study is to clarify the flora of Donggeom-do, belonging to Ganghwa-gun. From the 15 times of field trips to the island, we have collected a number of vascular plants, 512 taxa in total, including 110 families, 329 genera, 449 species, six subspecies, 52 varieties, four forms and one hybrid. Of 512 taxa investigated, we have identified 12 taxa to be endemic to Korea. Six taxa were endangered or rare species which were designated by the Ministry of Environment and Korea Forest Service, respectively. 25 taxa were recognized as floristic regional indicator species designated specially by the Ministry of Environment. Seven species have shown their northern or southern distributional limit ranges, and 29 taxa were recognized as halophytes. The naturalized plants were identified as 55 taxa, and their naturalization ratio was 10.7%.
INTRODUCTION
In Korea, most of about 3,000 islands were considered as continental islands with the exception of Jeju-do, Dokdo and Ulleung-do. These three islands are isolated far from the mainland, and formed from volcanic activities. A lot of islands in Korea are located to western and southern coasts (Cho, 2002) . In order to identify natural vegetative status of these islands, we have been investigating floristic studies of vascular plants of major islands in the western coast (Seohae) since 2007. The primary purpose of the research is to survey the flora of island of Donggeom which belongs to the Ganghwa-gun, Korea. The district of Ganghwa-gun is consisted of several islands in the Seohae, Ganghwa-do, Seokmo-do, Gyodong-do, Jumun-do, Boreum-do, Seogeom-do and Donggeom-do. Since several islands of them were connected to mainland of Korea by bridges, the islands have attracted a lot of tourists from Seoul, Incheon and Gyeonggi-do areas. Construction of new roads, pensions, resort areas and restaurants provided economical benefits to local residents while a natural vegetation of these islands has deteriorated continuously. Before biodiversity of vascular plants in these regions is damaged seriously by human impacts, it is needed to conserve original vegetation of the islands for restoration and monitoring in the future. Donggeom-do belongs currently to Gilsang-myeon, Ganghwa-gun, Incheon metropolitan city. Before being incorporated into Gilsang-myeon in 1914, Donggeom-do was one of the local areas of Bucheon-gun, Gyeonggido (Ganghwa-gun, 2013) . The island which is located at 37� 35′22.67′′ of north latitude, and 126� 31′08.02′′ of east longitude is situated at the south the main island of Ganghwa-do, consisting of 15 adjacent islands . The island has an approximate area of 1.81 square kilometers, with 6.5 kilometer of coastal lines, and is connected to Seondu-ri of Ganghwa-do by a bridge (Shim et al., 2002) . The climate of Donggeom-do is typical of many islands belonging to Ganghwa-do. Mean annual rainfall recorded at the weather station in Ganghwa-gun is 1,757 mm and the mean annual temperature over last three years is 11.0� C with maximum temperature of 33.7 � C and minimum of -20.1� C (Korea Meteorological Administration, 2009 -2011 . The island Donggeom belongs to the central subregion according to a classification system of floristic subregions in Korea (Yim, 1977; Lee and Yim, 2002) , while the island is situated at the central parts of cool temperate climate areas based on temperature zonation.
Of 3,000 islands belonging to Korean territory, Ganghwa island is the 5th largest one with 411 square kilometers and a flora study was first conducted by Chung and Kang (1971) . Of 15 islands nearby the Ganghwa island, floras of Mal-do, Boreum-do, Acha-do and Jumun-do were investigated (Park, 1990 ) while floras of 16 islands such as Woo-do, Bi-do and etc. were surveyed by the project named "Natural survey of uninhabited islands" (Min and Jung, 1998; Min and Lee, 2002) . Shim and his colleagues reported several taxa of halophytes including Pinus thunbergii Parl. from Donggeom-do (Shim et al., 2002) . Although many floristic researches were conducted on Ganghwa island and its appendages, several ones did not provide any information of voucher specimens. Therefore, the current study is to clarify the flora of Donggeom-do, with voucher information and to assess the importance of local flora.
MATERIALS AND METHODS
In order to investigate flora of Donggeom island, we had field surveys 15 times from March to November, 2012 ( Fig. 1) . Vascular plants collected from the survey were prepared to dried specimens, and deposited at the herbarium (KB) of the National Institute of Biological Resources, Korea. The identification of specimens is accompanied with the use of illustrations, photographs, or published descriptions (Chung, 1956; 1957; Lee, 1980; 2003; Lee, 1996a; 1996b; Korean Fern Society, 2005; Lee, 2006; Oh, 2006; Korea National Arboretum, 2008a; 2011; Park, 2009; Kim and Kim, 2011) . The voucher specimens were listed according to the Cronquist classification system of vascular plants (Cronquist, 1981) . However, genera and species under the family were listed in an alphabetical order. Scientific and Korean names of vascular plants were followed by Lee et al. (2011) and a cultivated species was indicated by 'cult' after a Korean name. Endemic species to Korea were confirmed to lists reported by Korea National Arboretum (2005) and National Institute of Biological Resources (2011) while endangered and threatened species were evaluated following information of rare plants data book (Korea National Arboretum, 2008b) and Red data book of endangered vascular plants in Korea (National Institute of Biological Resources, 2012) . Life forms, floristic regional indicator species, halophyte species, naturalized and invasive threatened species of vascular plants were identified by Lee (1996a) , Ministry of Environment (2006) , Shim et al. (2002; , Lee et al. (2011b) and Ministry of Environment (2012) , respectively. 
RESULTS

A flora of vascular plants
From the 15 times of field trips to the island, we have collected a number of vascular plants, 512 taxa in total, including 110 families, 329 genera, 449 species, six subspecies, 52 varieties, four forms and one hybrid. Of 512 taxa investigated, Pteridophyta included 15 species, comprising eight families, 10 genera, 14 species and one variety, while Gymnosperms were consisted of eight species belonging to two families, five genera and Angiosperms were 489 taxa with Dicotyledones of 83 families, 232 genera, 251 species, four subspecies, 33 varieties, three forms, one hybrid and Monocotyledones of 17 families, 82 genera, 176 species, two subspecies, 18 varieties and one forma (Table 1, Appendix 1). The 512 taxa of vascular plants in the flora of Donggeom-do represented 11.8% of the total flora of Korea, 4,338 taxa (Lee et al., 2011a) . The largest families were as follows; Poaceae (66 taxa), Asteraceae (64), Cyperaceae (42), Rosaceae (24) and Fabaceae (24).
Endemic species of Korea
There were two versions to identify endemic species of vascular plants in Korea 
Endangered vascular plants
In 2012, NIBR has published "Red data book of endangered vascular plants in Korea" according to a guideline of the International Union for Conservation of Nature (IUCN). Of vascular plants surveyed in the current study, based on the lists of the book, least concern (LC) taxa were Neillia uekii and Phacelurus latifolius while not evaluated (NE) taxa were Polygonum fusco-ochreatum, Mosla chinensis, Polygonatum grandicaule and Polygonatum infundiflorum (Table 3) . From the perspective of rare plants data book published by Korea National Arboretum (2008b), Neillia uekii and Phacelurus latifolius were classified into least concern (LC) taxa, but other taxa were categorized into data deficient (DD), not NE.
Floristic indicator species of specific regions
From the present flora of Donggeom-do, 25 taxa were recognized as floristic regional indicator species designated specially by the Ministry of Environment (Table 4) . The indicator species were represented on Donggeom-do with a total of 19 families and 24 genera. With the exception of three cultivated species, Abies koreana, Pinus koraiensis and Buxus koreana, the indicator species were counted to 22 taxa. The indicators assigned into the first degree were 17 taxa including Clematis patens and Aristolochia contorta. There were no indicator species with the second degree, and a couple of taxa with the third degree, Betula dahurica and Monochoria korsakowii, were found. The fourth and fifth degreed species were Polygonum fusco-ochreatum and Neillia uekii (degree IV) and Crypsinus hastatus (degree V).
Life forms and ecological types
Plant life forms were arranged according to a revised Raunkiaer's (1934) classification system, which divided plants based on the place of plant's buds during cold or dry seasons. Phanerophytes with buds more than 25 cm above the soil level, includes trees (MM), subtrees (M) and shrubs (N). Of 512 taxa investigated at Donggeomdo, phanerophytes were counted to 101 comprising 42 of trees (8.2%), 24 of subtrees (4.7%) and 35 of shrubs (6.8%). Chamaephytes (Ch) with persistent shoots near the ground were consisted of 14 taxa (2.7%) while hemicryptophytes (H) with buds at the soil surface were 137 taxa (26.8%). Cryptophytes which were identified as plants with buds below ground or under water revealed to 63 (12.3%) of geophytes (G) and 55 (10.7%) of hydrophytes (HH). 141 taxa (27.5%) of total plants examined belonged to annuals, therophytes (Th). Epiphyte (E), which was originally placed at Phanerophytes but separated due to irrelevance of soil position, was just one species, Crypsinus hastatus (Appendix 1). According to Shim et al. (2002; typical halophytes detected in the study area were counted to 29 taxa comprising 15 families, 25 genera, 27 species and two forms. Other ecological types such as hygrohalophytes, psammohalophyles, xerophytes and xerohalophytes could not be concerned because of lack of sufficient information. Shim et al. (2002) reported that there were a total of 28 halophytic taxa comprising 12 families, 24 genera, 25 species, two varieties and one forma vegetated at the areas of Donggeom-do and nearby Yeocha-ri, Ganghwa-do. The halophytic taxa detected first from our studies were Suaeda glauca, Plantago major var. japonica, Artemisia fukudo, Aster hispidus, Sonchus brachyotus, Carex pumila, Elymus dahuricus, Ischaemum crassipes and Puccinellia nipponica (Table 5) .
Climate-sensitive biological indicator species
The ministry of Environment, Korea, selected 100 climate-sensitive biological indicator species (CBIS) to predict biodiversity distribution shift by climate change . The 100 CBIS were categorized into four different taxonomic fields; 46 species of animals, 44 of vascular plants, five of fungi and five of macro-algae, respectively. Among the CBIS, Abies koreana (planted) was recognized at the Donggeom-do. According to the list of 300 target plants adaptable to climate change in the Korean peninsula (Korea National Arboretum, 2010) , southern species moving northwards as the climate shift were Meliosma myriantha, Cnidium japonicum and Juncus setchuensis var. effusoides while northern species moving southwards were Corydalis turtschaninovii, Neillia uekii, Artemisia dubia and Cirsium pendulum (Table  6) . Meliosma myriantha was known to be vegetated at 10-700 m above sea level of island areas near Incheon, but real vegetation was not confirmed (Korean National Arboretum, 2010). While recent surveys could not identify the habitat of the species (Yang et al., 2012) , we discovered real vegetation of the species from floristic surveys of Baengnyeong-do (Kim et al., 2013) and the current study.
Naturalized and invasive exotic species
Recently, it was reported that numbers of the naturalized plants in South Korea were 321 taxa of vascular plants (Lee et al., 2011b) . Of 321 plant lists indicated, a total of 55 taxa (17.1%) comprising 19 families, 44 genera, 52 species, two varieties and one forma were found including Phytolacca americana, Chenopodium album and Amaranthus patulus (Table 7) . Out of 512 taxa investigated at the current study, the naturalized ratio was calculated at 10.7%. Especially, 20 exotic taxa were belonged to the family of Asteraceae. Of 12 invasive exotic plant species disturbing ecosystem, we found five taxa; Rumex acetosella, Ambrosia artemisiifolia, A. trifida, Aster pilosus and Lactuca scariola. (Park, 1990) . Recent floristic surveys on several islands of Ganghwa resulted that the flora of Seokmo-do was represented by 90 families, 271 genera and 442 taxa, Gyodong-do by 82 families, 228 genera and 338 taxa, Boreum-do by 66 families, 196 genera and 286 taxa, Jumun-do by 57 families, 120 genera and 145 taxa . Although the flora of same islands was inves- Park (1990) and showed differences in species numbers and composition. These discrepant results might be reflected by different periods, seasons and methods of surveys. Of 512 taxa surveyed, six species were classified into threatened or endangered species under IUCN categories. According to information of NIBR's red data book (2012), Neillia uekii, least concern (LC) taxon, is widespread in the central regions of Korea. The species, however, is distributed usually on the mountainous slope, and thus is under high pressure of habitat loss by human-induced disturbance. For example, the natural habitat of the species was known to be disappeared completely at Yesan-si by road construction. From the present study, we found several individuals of the species nearby coastal areas, but their habitats were also not in good conditions due to probable impacts of high salinity. 30 individuals of Phacelurus latifolius, another least concern (LC) taxon, were found along the roadside of the Donggeom-do, and thus the natural habitat of the species would be damaged by road widening in the future. Among four not evaluated (NE) taxa, taxonomic identity of Polygonum fusco-ochreatum was unclear because P. bellardii var. effusum was often used for the name of species in the earlier Korean flora (Lee, 1980; 2003) . In consideration of the original habitat of P. bellardii in Europe and North America, it is weird that a variety of the species was found only in the western part of Korea (NIBR, 2012) . As Park and Hong (2007) mentioned, a more careful study of the species is needed for taxonomic treatment. Almost 10 individuals of the species were found at coastal areas of Seodu-mul. Mosla chinensis was widely distributed at the southern part of Korea, but the species habitats were known only in Haenam and Hwasun, Jeollanam-do. The status of the species was classified as endangered (EN) in Japan while the species was categorized as NE because of lack of necessary information in Korea (NIBR, 2012) . From the current study, we have found approximately 50 individuals of the species vegetated at a wetland near a village. A couple of species of Polygonatum, P. grandicaule and P. infundiflorum were reported as new species by characteristics of stem, perianth and filaments (Jang, 2002) . Original habitats of P. grandicaule and P. infundiflorum were known to be Mt. Gakhosan (Chungcheongbuk-do) and Pung-do (Gyeonggi-do), respectively. From the result of the current study, P. grandicaule was found at the foot of mountain slopes near Seodu-mul, and P. infundiflorum near a village of Dwit-dae with less than 10 individuals of each species. Also, a new intermediate type between P. grandicaule and P. odoratum was observed, which needed more taxonomic works in the future.
From the present flora of Donggeom-do, 25 taxa were recognized as floristic regional indicator species. Among them, Crypsinus hastatus with the degree V were found at the island. From previous floristic examination on four islands near Ganghwa-do, Park (1990) mentioned that it was noteworthy to find seven vascular plants including C. hastatus, Euonymus fortunei and Pyrrosia hastata. Especially, he reported that C. hastatus could be observed at the all areas surveyed. Furthermore, the species was suggested to represent the floristic regional indicator species from uninhabited islands near Ganghwa-do (Min and Jung, 1998; Min and Lee, 2002) . Considering that natural habitats of C. hastatus were narrow at Donggeom-do, those of nearby islands might be distributed narrowly. Therefore, we suggested that more detailed examination of C. hastatus will be conducted urgently, and in turn ex situ conservation policy of the species will be made.
The flora of Ganghwa-do was confirmed to be 366 taxa of vascular plants (Chung and Kang, 1971) . Although Ganghwa-do is about 160 times larger in areas than Donggeom-do, taxa of vascular plants of Donggeom and Ganghwa-do were 512 and 366 taxa, respectively. The result indicated that much more taxa might be identified through detailed floristic investigations of Ganghwa-do, which was in high pressure for land-use and a transition to forest cover loss in the island. Investigation on several uninhabited islands nearby the Ganghwa-do showed that there were 11 to 281 taxa in their floras (Min and Jung, 1998; Min and Lee, 2002) . In these uninhabited islands, Grewia biloba, the first degree of floristic regional indicator species, was reported which was not confirmed to be present in Donggeom-do from the current study. A total of 55 exotic species were found at Donggeom-do, and the naturalized ratio were 17.1% according to numbers of the naturalized plants in South Korea (Lee et al., 2011b) . As compared with islands nearby, Donggeomdo is a very small island with a well-constructed road system and development of resort areas, and thus introduction of invasive exotic species will be profound and increasing. Also, grazing of goats were frequent in the private lands of uninhabited islands, in which in turn affected soil degradation and biodiversity loss. Goats can debark trees and eat all the vegetation left untouched by other species, and subsequently affects reduction in vegetative cover and plant biodiversity from grazing (FAO, 2009; Peacock and Sherman, 2010) . Likewise, coastal areas of Donggeom-do used for grazing of goats will be managed by the local government for biodiversity conservation. 
